a2 United States Patent

US009310716B2

(10) Patent No.: US 9,310,716 B2

Kamimura (45) Date of Patent: *Apr. 12,2016
(54) DEVELOPER UNIT AND IMAGE USPC oo 399/110, 111, 113, 119
FORMATION DEVICE See application file for complete search history.
(71) Applicant: Brother Kogyo Kabushiki Kaisha, .
Nagoya-shi, Aichi-ken (JP) (56) References Cited
(72) Inventor: Naoya Kamimura, Ichinomiya (JP) U.S. PATENT DOCUMENTS
(73) Assignee: Brother Kogyo Kabushiki Kaisha, 5.803.006 A 4/1999 Kamno ef al
Nagoya-shi, Aichi-ken (JP) 6751428 B2 62004 Okabe
(*) Notice: Subject to any disclaimer, the term of this (Continued)
patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days. FOREIGN PATENT DOCUMENTS
Thi.s patent is subject to a terminal dis- EP 1462866 Al 9/2004
claimer. EP 1742117 Al 1/2007
(21) Appl. No.: 14/671,744 (Continued)
(22) Filed:  Mar. 27,2015 OTHER PUBLICATIONS
(65) Prior Publication Data European Search Report, Application No. 09003405.9-2225, dated
US 2015/0205224 Al Jul. 23, 2015 Apr. 8, 2009.
Related U.S. Application Data (Continued)
(63) Continuation of application No. 14/231,164, filed on
Mar.. 31, .2014, now.Pat.. No. 9,031,457, which is a Primary Examiner — David Bolduc
cAontugua;lgilzof appll}sattloﬁ Ncé' 71235/ 4(;‘315’222 l’lﬁllfd on Assistant Examiner — Barnabas Fekete
pr 6 » DOW ral. JO. 8,720,050, Which 15 a (74) Attorney, Agent, or Firm — Banner & Witcoff, Ltd.
(Continued)
(30) Foreign Application Priority Data 7 ABSTRACT
A developing unit and image formation device in which a
Dec. 27,2005  (IP) .eeoeieiieiiiieceiieiee 2005-376115 developer carrier is reliably pressed towards and separated
May 18,2006  (JP) .ecoveieiirenerieieiicniee 2006-139483 from an image carrier is described. A separation and pressing
(51) Int.CL mechanism is provided for separating and pressing the devel-
G03G 15/00 (2006.01) oper carriers of developing cartridges installed in a drum unit
G03G 15/08 (2006.01) onto image carriers. This separation and pressing mechanism
G03G 21/16 (2006.01) has a pair of direct cam members. Each direct cam member
(52) US.CL has a release action portion that engages with the releasing
CPC ... G03G 15/0865 (2013.01); GO3G 15/0813  projection of a developing cartridge when the developer car-
(2013.01); GO3G 21/1623 (2013.01); rier is to be separated from the image carrier. Each direct cam
(Continued) member may also have a pressing action portion that engages
with the pressing projection of the developing cartridges
(58) Field of Classification Search when the developer carrier is to be pressed onto the image
CPC ............ GO03G 15/087; GO3G 15/0865; GO3G carrier.
2215/0119; G03G 2221/1654; GO3G
2221/1684 16 Claims, 26 Drawing Sheets

»
mGHT:>KFR0NT
BACK LEFT

DOWN




US 9,310,716 B2
Page 2

Related U.S. Application Data

continuation of application No. 12/980,068, filed on
Dec. 28, 2010, now Pat. No. 8,175,492, which is a
continuation of application No. 11/614,484, filed on

Dec. 21, 2006, now Pat. No. 7,885,574.

(52) US.CL

CPC ... G03G21/1676 (2013.01); GO3G 2215/0119
(2013.01); GO3G 2221/1654 (2013.01); GO3G
2221/1684 (2013.01)

(56) References Cited
U.S. PATENT DOCUMENTS

6,763,213 B2 7/2004 Ahn
7,242,888 B2 7/2007 Ishii
7,298,990 B2  11/2007 Nishimura

2003/0049046 Al
2004/0264984 Al

3/2003 Okabe
12/2004 Yabuki et al.

2005/0191090 Al*
2006/0045566 Al
2006/0067725 Al

9/2005 Nishimura ........c........... 399/113
3/2006 Kanno et al.
3/2006 Miyabe et al.

FOREIGN PATENT DOCUMENTS

JP 62-215278 A 9/1987

JP 2003-263024 A 9/2003

WO 2006-079163 Al 8/2006
OTHER PUBLICATIONS

Japanese Office Action: Patent Application No. 2006-139483, Mail-
ing Date: Dec. 18, 2008.

Office Action received in Chinese Application No. 2006101725441
with a Mailing Date of Aug. 8, 2008. Cited reference CN 1534399
corresponds to EP 1462866.

Extended Furopean Search Report dated Mar. 5, 2007 in Application
No. EP 06026635.0.

* cited by examiner



U.S. Patent Apr. 12,2016 Sheet 1 of 26 US 9,310,716 B2

FRONT

RIGHT

Up
BACK%
LEFT ot
: j
20
7 124
(35 / /ZLSLG rj

i 21 (sz)

]

2721 L8

FIG. 1




U.S. Patent Apr. 12,2016 Sheet 2 of 26 US 9,310,716 B2

UP

RIGHT
FRONT




U.S. Patent Apr. 12,2016 Sheet 3 of 26 US 9,310,716 B2

Sog
Ty g
T
R
S &
e 7 o4
X <t
s (=BT ;:
2 0 g
\‘?Ic\ B—"-"
NI
SO

FIG. 3



U.S. Patent Apr. 12,2016 Sheet 4 of 26 US 9,310,716 B2

FIG. 4




US 9,310,716 B2

Sheet 5 of 26

Apr. 12,2016

U.S. Patent

dfl

®

VA




U.S. Patent Apr. 12,2016 Sheet 6 of 26 US 9,310,716 B2

=
ggu'—_
o Y




U.S. Patent Apr. 12,2016 Sheet 7 of 26 US 9,310,716 B2




U.S. Patent Apr. 12,2016 Sheet 8 of 26 US 9,310,716 B2

FIG. 8




U.S. Patent Apr. 12,2016 Sheet 9 of 26 US 9,310,716 B2

FIG. 9




U.S. Patent Apr. 12, 2016 Sheet 10 of 26 US 9,310,716 B2

o
— i
T e e {
(&) g
[a'ss L —
LY
S
&
=
o
5|55 o
(]
o
~ &
L -
LLi ™
e
[ T v
B
™
/
©
Bt
~
o
~—
-
[ow Ty "
- N O
o
LS
N
N
w
o~ ‘—_—:E>
>c~:
€2
™~
(=23
o~
o

212
i

!

I

!
§--



U.S. Patent Apr. 12, 2016 Sheet 11 of 26 US 9,310,716 B2

UP
FRONT«——f—HBACK
AP\ 997 214 218 292
L M W DOWN



US 9,310,716 B2

Sheet 12 of 26

Apr. 12,2016

U.S. Patent

Ix4
8¢ 68
. ! ! * ]
G¢ | 0 6F ¢ 18 w 502
I N N e o T S i e s S
: N NN NN N NN N N N SNOON N NN )
{
L A i 1 602
102 m , : 102
. 1 1 I 1
m 102
1 ]
17z w_ Ty ] X Sy C L
61281 9 vz o0 ofz oz €2
NMOG
E@E]T.Em._

dn



U.S. Patent Apr. 12, 2016 Sheet 13 of 26 US 9,310,716 B2

o

P22

WK
r A

UP
BACK

DOWN




U.S. Patent Apr. 12, 2016 Sheet 14 of 26 US 9,310,716 B2




U.S. Patent Apr. 12,2016 Sheet 15 of 26 US 9,310,716 B2

BACK

z::ﬁiz

LEFT

D A i W A WPy
A N en”
" 7“\\ \\-;-:-Z‘.:t{;' ™
S 85 HQ\&‘\&\ ‘ ::4-

N

5

G D, )

) 7 \\3 o]
-

AR\ ‘

‘ '\‘I/‘gh /,

i
o\

=~

325} 121

324
326

27Q27Y)

A

W/,
N Y
DYk A,

FIG. 16



U.S. Patent Apr. 12, 2016 Sheet 16 of 26 US 9,310,716 B2

BACK

ok

LEFT

328 310

303

FIG. 17




U.S. Patent Apr. 12,2016 Sheet 17 of 26 US 9,310,716 B2

—
o
152
(2=
=
=
o
(]

BACK

330 310

311
317

317

FIG. 18

311

315 (318
319

317



U.S. Patent Apr. 12, 2016 Sheet 18 of 26 US 9,310,716 B2




US 9,310,716 B2

Sheet 19 of 26

Apr. 12,2016

U.S. Patent

AVE > INOH4

818
07¢) 61¢€
e \ 172
HO }
LiE w,—m \.Mm
¢le gig



US 9,310,716 B2

Sheet 20 of 26

Apr. 12,2016

U.S. Patent

olg 12¢ 178 12¢
81£61¢ 81661 B1E 8}¢
| J L owm? J L1 o e "eue) Vel izz
| T 1 1 4
® @) (@ e
e ] ife ] e ] 0ce
608 Ik 44 Lig
oA 5l e iz gle LeZ Jl, Sle Le 2125 )e

AIVE «——— INOuA



US 9,310,716 B2

Sheet 21 of 26

Apr. 12,2016

U.S. Patent

sle

/618

¢¢ Ol

£
o wrs\%

/ f ﬁam

AV ¢————— INOuA




U.S. Patent Apr. 12, 2016 Sheet 22 of 26 US 9,310,716 B2

FIG. 23




U.S. Patent Apr. 12, 2016 Sheet 23 of 26 US 9,310,716 B2




U.S. Patent Apr. 12, 2016 Sheet 24 of 26 US 9,310,716 B2

202 212 Up
2 7\2]4 Eﬁ
\ FRONT BACK
216 DOWN
204
210 O
228
206 g
3
203 y@
211 @
5 X

BACK




US 9,310,716 B2

Sheet 25 of 26

Apr. 12,2016

U.S. Patent

\Mﬂfhﬂ.— - LL —




US 9,310,716 B2

Sheet 26 of 26

Apr. 12,2016

U.S. Patent




US 9,310,716 B2

1
DEVELOPER UNIT AND IMAGE
FORMATION DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a is a continuation of U.S. Ser. No.
14/231,164, filed Mar. 31, 2014, continuation of U.S. Ser. No.
13/441,222, filed Apr. 6, 2012 (now U.S. Pat. No. 8,725,035,
issued May 13,2014), which is a continuation of U.S. Ser. No.
12/980,068, filed Dec. 28, 2010 (now U.S. Pat. No. 8,175,
492, issued May 8, 2012), which is a continuation of U.S. Ser.
No. 11/614,484 (now U.S. Pat. No. 7,885,574, issued Feb. 8§,
2011) filed Dec. 21, 2006, which claims priority to Japanese
Patent Application Nos. 2006-139483 filed May 18, 2006 and
2005-376115 filed Dec. 27, 2005, the entire contents of which
are incorporated herein by reference.

FIELD

Aspects of the present invention relate to an image forma-
tion device such as a laser printer and a developer unit that is
installed therein.

BACKGROUND

An image carrier (on which an electrostatic latent image is
formed) is provided in an electro photographic image form-
ing device (for example, such as a laser printer). A developer
cartridge for developing this electrostatic latent image into a
visible image is removably installed in the laser printer.

The developer cartridge may include a developing roller
that supplies toner to a photosensitive drum (which may or
may not be part of the developer cartridge). The developing
roller can contact or separate from the image carrier while the
developer cartridge is installed in the laser printer. For
example, in one conventional system, an engaging part is
formed so as to protrude from the developing cartridge. The
laser printer has a pair of grasping elements disposed on both
interior sidewalls so that the pair of the grasping elements
engages the engaging part. The laser printer also has a spring
that urges one of the grasping elements towards the other
grasping element. The laser printer further includes a cam that
presses the other grasping element towards the one of the
grasping elements. Thus, when the other grasping element is
pressed by the cam, the one of the grasping elements presses
the engaging part due to the force of the spring. Thus, the
engaging part presses the developing roller against the image
carrier. On the other hand, when the other grasping element is
pressed by the cam, the one of the grasping element presses
the engaging part so that the developing roller separates from
the image carrier.

However, because a pressure force is placed on the same
engaging part from the grasping element when the developer
carrier presses on and separates from the image carrier and if
the engaging part is not sufficiently strong, then the pressing
and separating action of the developer carrier on the image
carrier will not be reliable.

SUMMARY

This summary is provided to introduce a selection of con-
cepts in a simplified form that are further described below in
the Detailed Description. This summary is not intended to
identify key features or essential features of the claimed sub-
ject matter.
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Aspects of the present invention relate to improving the
pressing and separation of a developer carrier or developer
carrier from an image carrier (for instance, a drum).

These and other aspects of the disclosure will be apparent
upon consideration of the following detailed description of
illustrative embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the present invention
and the potential advantages thereof may be acquired by
referring to the following description of illustrative embodi-
ments in consideration of the accompanying drawings.

FIG. 1 is a side cross-section showing an illustrative
embodiment of the color laser printer used as an example of
the image forming device of the present invention.

FIG. 2 is a side cross-section of the developing cartridge
and drum subunit shown in FIG. 1 in accordance with aspects
of the present invention.

FIG. 3 is a perspective view of the drum unit shown in FI1G.
1, viewed from above to the left and rear in accordance with
aspects of the present invention.

FIG. 4 is a perspective view of the drum unit shown in FI1G.
1, viewed from above to the left and front in accordance with
aspects of the present invention.

FIG. 5 is a left side view of the drum unit shown in FIG. 1
in accordance with aspects of the present invention.

FIG. 6 is a perspective view of the developing cartridge
shown in FIG. 1 from the left rear, with the handle in an
inclined condition in accordance with aspects of the present
invention.

FIG. 7 is a perspective view of the developing cartridge
shown in FIG. 1 from the left rear, with the handle in an erect
condition in accordance with aspects of the present invention.

FIG. 8 is a perspective view of the developing cartridge
shown in FIG. 1 from the left front, with the handle in an
inclined condition in accordance with aspects of the present
invention.

FIG. 9 is a perspective view of the developing cartridge
shown in FIG. 1 from the left front, with the handle in an erect
condition in accordance with aspects of the present invention.

FIG. 101is a plan view of the developing cartridge shown in
FIG. 1 in accordance with aspects of the present invention.

FIG. 11 is a right side view of the developing cartridge
shown in FIG. 1 in accordance with aspects of the present
invention.

FIG. 12 is a cross-sectional diagram sectioned along the
line A-A shown in FIG. 11 in accordance with aspects of the
present invention.

FIG. 13 is a right side cross-section of the developing
cartridge shown in FIG. 1, showing the inclined state of the
handle in accordance with aspects of the present invention.

FIG. 14 is a right side cross section of the developing
cartridge shown in FIG. 1, showing the pressed condition of
the handle in accordance with aspects of the present inven-
tion.

FIG. 15 is a perspective view of the main unit casing shown
in FIG. 1 in accordance with aspects of the present invention.

FIG. 16 is a perspective view of the drum unit, left and right
rails and separation and pressing mechanisms shown in FIG.
15, in accordance with aspects of the present invention.

FIG. 17 is a perspective view of the rails and the separation
and pressing mechanisms shown in FIG. 16, viewed from
above to the front and right in accordance with aspects of the
present invention.

FIG. 18 is a perspective view of the direct cam members,
intermediate members and synchronous movement mecha-
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nisms shown in FIG. 17, viewed from above to the right and
front in accordance with aspects of the present invention.

FIGS. 19A-19E are perspective views for describing the
function of the direct cam members and intermediate cam
members shown in FIG. 18 in accordance with aspects of the
present invention.

FIG. 20 is a right side view of the direct cam members and
intermediate members in the condition of FIG. 19A in accor-
dance with aspects of the present invention.

FIG. 21 is a right side view of the direct cam members and
intermediate members in the condition of FIG. 19C in accor-
dance with aspects of the present invention.

FIG. 22 is a right side view of the direct cam members and
intermediate members in the condition shown in FIG. 19E in
accordance with aspects of the present invention.

FIG. 23 is a perspective view showing another illustrative
embodiment of the developing cartridge, viewed from the
front and left, which shows the inclined condition of the
handle in accordance with aspects of the present invention.

FIG. 24 is a perspective view of the developing cartridge
shown in FIG. 23, form the front and left, which shows the
erect condition of the handle in accordance with aspects of the
present invention.

FIG. 25 is a right side view of the developing cartridge
shown in FIG. 23, showing the inclined condition of the
handle in accordance with aspects of the present invention.

FIG. 26 is a right side view of the developing cartridge
shown in FIG. 23, which shows the erect condition of the
handle in accordance with aspects of the present invention.

FIG. 27 is a plan view of the developing cartridge shown in
FIG. 23 in accordance with aspects of the present invention.

FIG. 28 is a plan view of the handle shown in FIG. 27 in
accordance with aspects of the present invention.

DETAILED DESCRIPTION

The various aspects summarized previously may be
embodied in various forms. The following description shows
by way of illustration of various combinations and configu-
rations in which the aspects may be practiced. It is understood
that the described aspects and/or embodiments are merely
examples, and that other aspects and/or embodiments may be
utilized and structural and functional modifications may be
made, without departing from the scope of the present disclo-
sure.

It is noted that various connections are set forth between
elements in the following description. It is noted that these
connections in general and, unless specified otherwise, may
be direct or indirect and that this specification is not intended
to be limiting in this respect.

1. The Overall Structure of an Illustrative Color Laser Printer

FIG. 1 is a lateral cross-sectional view that shows an illus-
trative embodiment of a color laser printer as an example of
the color image forming device.

The color laser printer 1 is a transverse tandem-type color
laser printer in which a plurality of drum subunits 28 are
provided in parallel in the horizontal direction. In a main unit
casing 2 of the color laser printer 1 are a paper feeder 4 that
feeds a paper 3, an image formation portion 5 that forms the
image on the paper 3, and a paper discharge portion 6 that
discharges the paper 3 where an image is formed.

The color laser 1 may alternatively include an intermediate
image transfer belt (where images from drum subunits 28
provide developer to an intermediate image transfer belt, that
later transfers and image to a print medium) used with drum
subunits 28 or a photosensitive belt that replaces drum sub-
units 28.
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4
(1) Main Unit Casing

The main unit casing 2 has an approximately rectangular
box shape when viewed from the side. A drum housing space
7 to contain a drum unit 26 is formed within the main unit
casing 2.

An opening 8 communicating with the drum housing space
7 may be formed on one side of the main unit casing 2. A front
cover 9 (configured to open and close the opening 8) is pro-
vided on the lateral surface where the opening 8 is formed.
The front cover 9 inclines from the main unit casing 2 to
reveal the opening 8, and stands along one of the lateral
surfaces of the main unit casing 2 to conceal the opening 8.
While the opening 8 is being revealed, the drum unit 26 can be
installed into or removed from the drum housing space 7 via
the opening 8.

In the following explanation, the side where the front cover
9 is provided (on the right in FIG. 1) is the front side, and the
opposite side (on the left in FIG. 1) is the backside. In addi-
tion, the left and right are based on the frontal view of the
color laser printer 1. Furthermore, unless specifically men-
tioned, the front/back left/right and top/bottom of the drum
unit 26 and developing cartridge 27 are determined in the
condition of being installed in the main unit casing 2.

(2) Paper Feeder

The paper feeder 4 may be provided at the bottom inside
the main unit casing 2. The paper feeder 4 may include: a
paper feed tray 10 that holds paper 3; a separation roller 11
and separation pad 12 that are provided on the top of the front
edge of the paper feed tray 10, and that are arranged facing
each other; a feed roller 13 that is provided on the back of the
separation roller 11; and a feed pathway 14 where the paper 3
passes through.

The feed pathway 14 may be formed in an approximately
U-shape when viewed from one side. The upstream edge of
the feed pathway 14 is positioned adjacent to the separation
roller 11. The downstream edge of the feed pathway 14 is
positioned adjacent to a feed belt 58 from the front side.

A paper dust removing roller 15 and a pinch roller 16 may
be provided on the front top of the separation roller 11. The
paper dust removing roller 15 and the pinch roller 16 are
facing each other. A pair of registration rollers 17 can be
provided above the paper dust removing roller 15 and the
pinch roller 16. The paper dust removing roller 15, the pinch
roller 16, and the pair of resist roller are provided in the
middle of the feed pathway 14.

A paper pressing plate 18 (on which paper 3 is stacked) is
provided inside the paper feed tray 10, A rear edge of the
paper pressing plate 18 is supported at the paper feed tray 10
in a movable manner so that a front edge position of the paper
pressing plate 18 is movable between a loading position and
a paper feed position. In the loading position, the front edge
portion of the paper pressing plate 18 is positioned at a bottom
floor of the paper feed tray. In the paper feed position, the
paper pressing plate 18 is inclined and positioned at the top of
the paper feed tray 10.

A lever 19 that lifts the front edge of the paper pressing
plate 18 upwards is provided at the bottom of the front edge of
the paper feed tray 10. The lever 19 is supported so that the
lever 19 can move in the vertical direction at the bottom of the
front edge of the paper pressing plate 18.

The front edge of the paper pressing plate 18 is lifted by the
movement of the lever 19 so that the paper pressing plate 18
is positioned at the paper feed position.

When the paper pressing plate 18 is positioned at the paper
feed position, the uppermost paper 3 on the paper pressing
plate 18 is pressed against the paper feed roller 13. The paper
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3 is then fed between the separation roller 11 and separation
pad 12 by rotation of the paper feed roller 13.

When the paper feed tray 10 is removed from the main unit
casing 2, the paper pressing plate 18 is positioned at the
loading position.

When the paper pressing plate 18 is positioned at the load-
ing position, the paper 3 can be stacked on the paper pressing
plate 18.

The paper 3 is securely held between the separation roller
11 and separation pad 12 by the rotation of the separation
roller 11 and is then fed by being individually picked up. The
paper 3 passes between the paper dust removing roller 15 and
pinch roller 16. The paper dust removing roller 15 removes
paper dust on the paper 3. Then the paper is fed along the feed
pathway 14 towards the pair of resist rollers 17.

The pair of registration rollers 17 initially prevents paper 3
from passing then feed the paper 3 to the feed belt 58.

(3) Image Forming Portion

The image forming portion 5 includes a scanner 20, a
processing portion 21, a transfer portion 22, and a fixing
portion 23.

(3-1) Scanner

The scanner 20 is arranged at the top portion of the main
unit casing 2. The scanner 20 includes a supporting plate 24
(extending in the front, back, left and right directions) and a
scanner unit 25 (positioned on the top of the supporting plate
24). Inside the scanner unit 25, optical members, such as four
light sources, a polygon mirror, an f0 lens, a reflective mirror,
and an error correction lens may be arranged. The laser beam
emitted from each of the light sources based on the image data
is deflected and scanned by the polygon mirror. The laser
beam next passes through the 18 lens and the error correction
lens. The laser beam is then reflected by the reflective mirror.
Thelaser beam finally is irradiated on the surface of the image
carriers 29 corresponding to each color.

(3-2) Processing Portion

The processing portion 21 is arranged below the scanner 20
and above the paper feeder 4. The processing portion 21
includes a drum unit 26 and four developing cartridges 27,
each of which corresponds to each color.

(3-2-1) Drum Unit

The drum unit 26 includes four drum subunits 28 that
correspond to each color. In other words, the drum subunits
28 include a black drum subunit 28K, a yellow drum subunit
28Y, a magenta drum subunit 28M and a cyan drum subunit
28C.

Each of the drum subunits 28 can be arranged in parallel at
intervals in the front and back direction. More specifically,
from the front to back, the black drum subunit 28K, yellow
drum subunit 28Y, magenta drum subunit 28M and cyan drum
subunit 28C may be arranged in that order or other order as
known in the art.

Each of drum subunits 28 includes a pair of side frames 104
and a center frame 105. The center frame is installed between
the pair of side frames 104 (see FIG. 4).

FIG. 2 is a lateral cross-sectional view of the developing
cartridge 27 and drum subunit 28.

Though described in detail below, handle 214 is not shown
in FIGS. 1-2.

As shown in FIG. 2, each of the drum subunits 28 may
include an image carrier 29, a scorotron-type charger 30, and
a cleaning brush 31.

The image carrier 29 includes a cylindrical drum body 32,
for which the outer surface is made of a positively chargeable
photoconductive polycarbonate layer, which is provided
along the left and right direction, and a drum shaft 33 that is
arranged along the axis direction of the drum body 32. The
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drum body 32 is rotatable relative to the drum shaft 33. Each
end of the drum shaft 33 is inserted in a corresponding side
frame 104 (see FIG. 4). Each end of the drum shaft 33 is
supported by the side plate 103, which is described in a later
section (see FIG. 4) so that the drum shaft 33 does not rotate.
The image carrier 29 rotates by the driving force of the motor
(not shown in the drawings) provided in the main unit casing
2 during the image formation.

The scorotron-type charger 30 can be arranged to face the
image carrier 29 with an interval, diagonally, on the top rear
of the image carrier 29 and is supported by the center frame
105. The scorotron-type charger 30 includes a discharging
wire 34 that can be arranged to face the image carrier 29 with
an interval and a grid 35 that is provided between the dis-
charging wire 34 and the image carrier 29. During the image
formation, when a high voltage is applied to the discharging
wire 34, the discharging wire 34 discharges the remaining
charge on the surface of the image carrier 29. Further, when a
voltage is applied to the grid 35, the surface of the image
carrier 29 is uniformly positively charged while the electric
charge supplied to the image carrier 29 is controlled.

The cleaning brush 31 is arranged so that the cleaning
brush 31 contacts the image carrier 29 at the rear of the image
carrier 29. The cleaning brush 31 is supported by the center
frame 105. During the image formation, a cleaning bias is
applied to the cleaning brush 31.

(3-2-2) Developing Cartridge

The developing cartridges 27 can be, as shown in FIG. 1,
arranged so that each of the developing cartridges 27 can be
installed in and removed from each of the drum subunits 28
respectively. In other words, the developing cartridges 27
may include a black developing cartridge 27K (that is remov-
ably installable in the black drum subunit 28K), a yellow
developing cartridge 27Y (that is removably installable in the
yellow drum subunit 28Y), a magenta developing cartridge
27M (that is removably installable in the magenta drum sub-
unit 28M), and a cyan developing cartridge 27C (that is
removably installable in the cyan drum subunit 28C).

As shown in FIG. 2, each of the developing cartridges 27
may include a developing frame 36, an agitator 37 and a
supplying roller 38, a developer carrier 39, and a layer thick-
ness limiting blade 40. The agitator 37, the supplying roller
38, a developer carrier 39, and the layer thickness limiting
blade 40 are provided in the developing frame 36.

The developing frame 36 is formed in a box shape in which
an opening 41 is formed at the bottom edge of the developing
frame. The developing frame 36 is divided into a toner con-
tainer 43 and a developing chamber 44 with a partition 42. A
connecting hole 45 that connects the toner container 43 and
developing chamber 44 is provided on the partition 42.

Toner that corresponds to each color is contained in the
toner containers 43. More specifically, black toner is con-
tained in the toner container 43 of the black developing car-
tridge 27K. Yellow toner is contained in the toner container 43
of the yellow developing cartridge 27Y. Magenta toner is
contained in the toner container 43 of the magenta developing
cartridge 27M. Cyan toner is contained in the toner container
43 of the cyan cartridge 27C.

A positively chargeable, non-magnetic, single component
polymerization toner may be used, for instance, as the toner in
each of the developing cartridges 27. The polymerization
toner is approximately spherical in shape. The main compo-
nent of the toner is the binding resin that can be obtained by
the copolymerization of styrene monomers such as styrene
and acrylic monomers. The styrene and acrylic monomers
may be acrylic acid, alkyl (C1-C4) acrylate, and alkyl (C1-
C4) metaacrylate. The monomers may be made by publicly
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known polymerization methods such as suspension polymer-
ization. The toner mother particle is formed by adding one or
more coloring agents, a charge control agent, and wax into the
binding resin. Further another additive may be added to the
toner mother particle in order to improve fluidity.

Coloring agents, which correspond to each color, e.g.,
black, yellow, magenta, and cyan, may be blended to the
polymerization toner. In addition, charge control additive
may be blended to the polymerization toner. The charge con-
trol additive may be a resin that can be obtained by copoly-
merization of ionic monomers and other monomers. The
ionic monomer may have an ionic function group such as an
ammonium salt. The other monomers can be styrene mono-
mers or acrylic monomers, which can be copolymerized with
the ionic monomers. Additionally, the other additive may be
made by blending inorganic powders, carbide powders and
metallic salt powders. The inorganic powders, for example,
can be metal oxide powders such as silica, aluminum oxide,
titanium oxide, strontium titanate, cerium oxide, or magne-
sium oxide.

The agitator 37 is provided in the toner container 43. The
agitator 37 includes an agitator shaft 47 that is rotatably
supported by both sidewalls 201 of the developing frame 36,
and an agitating member 48 that extends from the agitator
shaft 47 in the direction perpendicular to the length direction
of'the agitator shaft 47. During the image formation, a driving
force is transmitted from a motor (not shown in the drawings)
to the agitator shaft 47 so that the agitating member 48 rotates
and agitates the toner in the toner container 43.

The supplying roller 38 may be provided in the developing
chamber 44 below the connection hole 45. The supplying
roller 38 may include a metallic supplying roller shaft 49 that
is rotatably supported by both sidewalls 201 of the developing
frame 36, and a sponge roller 50 that is made of an electrically
conductive sponge. The sponge roller 50 covers the supplying
roller shaft 49. During the image formation, a driving force is
transmitted from a motor (not shown in the drawings) so that
the supplying roller 38 rotates and supplies the toner to the
developer carrier 39.

The developer carrier 39 is arranged to the diagonally back
bottom in the developing chamber 44, relative to the supply-
ing roller 38. The developer carrier 39 includes a metallic
developer carrier shaft 51 that is rotatably supported by the
developing frame 36, and a rubber roller 52 that is made of
electrically conductive rubber. The rubber roller 52 covers the
developer carrier shaft 51.

The rubber roller 52 has a two-layer structure that includes
a rubber roller layer and a coating layer. The rubber roller
layer may be made of a conductive urethane rubber, a silicon
rubber or EPDM rubber containing carbon microparticles,
etc. The coating layer is coated on the surface of the rubber
roller layer. The main component for the coating layer may be
urethane rubber, a urethane resin, or a polyimide resin.

The rubber roller 52 and the sponge roller 50 of the devel-
oper carrier 39 are pressed against each other. In addition, the
developer carrier 39 is arranged so that the developer carrier
39 is exposed downwardly from the opening 41 of the devel-
oping chamber 44.

During image formation, a driving force is transmitted
from a motor (not shown in the drawings) so that the devel-
oper carrier 39 rotates. A developing bias is applied to the
developer carrier 39 during the image formation.

The layer thickness limiting blade 40 is arranged so that the
layer thickness limiting blade 40 presses the developer carrier
39 from above in the developing chamber 44. The layer thick-
ness limiting blade 40 includes a blade 53 and a pressing
portion 54. The blade 53 may be formed of a metal plate
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spring member. The pressing portion 54 may include a semi-
circular cross-section that is provided on the unattached end
of'the blade 53. The pressing portion 54 is made of insulating
silicone rubber.

The anchored end of the blade 53 is fastened to the partition
42 by a fastening member 55. The pressing portion 54 pro-
vided on the unattached end of the blade 53 is pressed against
the rubber roller 52 of the developer carrier 39.

(3-2-3) Developing Operation at the Processing Portion

At each of the developing cartridges 27, the respective
colored toner moves from the toner container 43 to the con-
nection hole 45 by its own weight. While agitated by the
agitator 37, the toner is discharged from the connection hole
45 to the developing chamber 44.

The toner in the developing chamber 44 is supplied to the
developer carrier 39 by the rotation of the supplying roller 38.
At that time, a positive electrical charge is generated by the
rotation the supplying roller 38 and the developer carrier 39
(where the developing bias is applied) and resulting friction
between them.

The toner supplied to the developer carrier 39 enters
between the pressing portion 54 and the rubber roller 52 along
with the rotation of the developer carrier 39. A thin layer of the
toner (with a relatively constant thickness) is formed on the
surface of the rubber roller 52 after the toner passes between
the pressing portion 54 and the rubber roller 52.

On the other hand, in each of the drum subunits 28 corre-
sponding to each of developing cartridges 27, the scorotron-
type charger 30 generates a corona discharge and charges the
surface of the image carrier 29 uniformly with a positive
charge during the rotation of the image carrier 29.

Next, the surface of the image carrier 29 is exposed by the
laser beam from the scanner 20. Therefore, an electrostatic
latent image is formed on the surface of the image carrier 29.

When the image carrier 29 further rotates, the toner con-
tacts and faces the image carrier 29 from the rotating devel-
oper carrier 39. The toner that is held on the surface of the
developer carrier 39 is supplied to the electrostatic latent
image that is formed on the surface of the image carrier 29.
The electrostatic latent image of the image carrier 29 is devel-
oped to be a visible image on the surface of the image carrier
29 in each color.

After the above transfer of toner from the developer carrier
39, any toner not transferred to the image carrier 29 remains
on the developer carrier 39. Also, the paper dust from the
paper 3 that is attached on the image carrier 29 when trans-
ferring is collected by the cleaning brush 31.

(3-3) Transfer Portion

The transfer portion 22 is, as shown in FIG. 1, arranged in
the main unit casing 2 above the paper feeder 4 and below the
processing portion 21, along the front and back direction. The
transfer portion 22 includes a driving roller 56, a driven roller
57, a feed belt 58, a transfer roller 59, and a cleaning portion
60.

The driving roller 56 and the driving roller 57 are arranged
to face each other with an interval in the front and back
direction. The driving roller 56 is arranged on the back side of
the cyan drum subunit 28C. The driven roller 57 is arranged
on the front side of the black drum subunit 28K.

The feed belt 58 may be an endless belt that may be made
of'a resin film such as a conductive polycarbonate or polyim-
ide. The conductive polycarbonate or polyimide may include
scattered conductive particles such as carbon. The feed belt
58 is extended between the driving roller 56 and the driven
roller 57. In other examples, the feed belt 58 may be an
intermediate image transfer belt used with the drum subunits
28 or a photosensitive belt that replaces the drum subunits 28.
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During image formation, a driving force is transmitted
from a motor to the driving roller 56 so that the driving roller
56 rotates. Then the driven roller 57 is driven so that the feed
belt 58 circulates between the driving roller 56 and the driven
roller 57. At the transferring position where the feed belt 58
contacts and faces the image carrier 29, the feed belt 58 moves
in an opposite direction of rotation compared to the direction
of rotation of the image carrier 29.

The transfer rollers 59 are arranged within the circulation
of the feed belt 58. Each of the transfer rollers 59 is arranged
so that each of the transfer rollers 59 and each of the image
carriers 29 sandwiches the feed belt 58. Each of the transfer
rollers 59 has a metal shaft covered with a conductive rubber
roller. The transfer rollers 59. In addition, each of the transfer
rollers 59 is arranged so that each of the transfer rollers 59
contacts and faces the feed belt 58. Each of the transfer rollers
59 rotates in the same direction as the moving direction of the
feed belt 58. During the image formation, a transfer bias is
applied to each of the transfer roller 59 from a high voltage
source provided in the main unit casing 2.

The cleaning portion 60 is provided below an outer surface
of the feed belt 58. The cleaning portion 60 includes a first
cleaning roller 61, a second cleaning roller 62, a scraping
blade 63, and toner storage 64.

The first cleaning roller 61 contacts a lower portion of the
feed belt 58. An upper portion of the feed belt 58 (opposite the
lower portion of the feed belt 58) contacts the image carrier 29
and the transfer roller 59. The first cleaning roller 61 rotates in
the same direction as the moving direction of the lower por-
tion of the feed belt 58. During the image formation, the first
cleaning bias is applied to the first cleaning roller 61.

The second cleaning roller 62 is arranged so that second
cleaning roller 62 contacts the bottom of the first cleaning
roller 61. The second cleaning roller 62 is arranged so that
second cleaning roller 62 rotates in the opposite direction
from the rotation direction of the first cleaning roller 61.
During the image formation, the second cleaning bias is
applied to the second cleaning roller 62.

The scraping blade 63 is provided so that the scraping blade
63 contacts the bottom of the second cleaning roller 62.

The toner storage 64 is arranged below the first cleaning
roller 61 and the second cleaning roller 62 so that toner
storage 64 accumulates the toner dropped from the second
cleaning roller 62.

The paper 3 fed by the paper feeder 4 is carried by the feed
belt 58 from the front side to back side of the image forming
device 1. Thus, the paper 3 passes through each of the transfer
positions that corresponds to each of the drum subunits 28.
While the paper 3 is being carried, the toner images in each
color that are carried in the image carrier 29 of each of the
drum subunits 28 are transferred to the paper 3. Therefore, a
color image of the toner is formed on the paper 3.

In detail, first a black toner image is transferred from the
surface of the image carrier 29 of the black drum subunit 28K
onto the paper 3. Next, a yellow toner image is transferred the
surface of the image carrier 29 of the yellow drum subunit
28Y overlapped onto the paper 3. Then, similarly a magenta
toner image and the cyan toner image are transferred an
overlapped onto the paper 3. Therefore, a color image is
finally formed on the paper 3.

During the transfer operation, toner may accidentally
attach to the surface of the feed belt 58 instead of the paper 3.
This additional toner is removed at the cleaning portion 60.
First, the toner is transferred from the surface of the feed belt
58 to the primary cleaning roller 61 by the primary cleaning
bias. Then the toner is transferred to the secondary cleaning
roller 62 by the secondary cleaning bias. Then, the toner is
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scraped from the secondary cleaning roller 62 by the scraping
blade 63. The scraped toner falls from the secondary cleaning
roller 62 and is accumulated in the toner storage 64.

It is appreciated that the use of an intermediate image
transfer belt or a photosensitive belt will have a slightly dif-
ferent image formation process as is known in the art.

(3-4) Fixing Portion

The fixing portion 23 is arranged on the rear side of the
cyan drum subunit 28C in the main unit casing 2. Here, a
fixing portion 23 faces the transfer position where the image
carrier 29 and the feed belt 58 come in contact in the front and
back direction. The fixing portion 23 includes a heating roller
65 and pressing roller 66.

The heating roller 65 includes a metal tube on which a
releasing layer is formed. A halogen lamp is built inside the
metal tube along a length direction of the metal tube. The
surface of the heating roller 65 is heated to the fixing tem-
perature by the halogen lamp.

The pressing roller 66 is arranged below the heating roller
65 so that the pressing roller 66 faces the heating roller 65.
The pressing roller 66 presses the bottom of heating roller 65.

The paper 3 with the color image of the toner is carried to
the fixing portion 23. While the paper 3 passes between the
heating roller 65 and the pressing roller 66, the paper 3 is
heated so the toner on the paper 3 is fixed and the image
formation on the paper 3 is completed.

(4) Paper Discharge Portion

Atthe paper discharge portion 6, the upstream edge of feed
pathway 67 is adjacent to the fixing portion 23. The down-
stream edge of the feed pathway 67 is adjacent to the paper
discharge tray 68. The feed pathway 67 is formed in an
approximately U-shape when the feed pathway 67 is viewed
from the side. The paper 3 is first fed towards the back, then is
reversed and discharged to the front.

At the middle of the feed pathway 67, a feed roller 69, and
a pair of pinch rollers 70 are provided. In addition, a pair of
paper discharge rollers 71 is provided on the downstream
edge of the feed pathway 67.

A paper discharge tray 68 is provided on the paper dis-
charge portion 6. The paper discharge tray 68 is formed such
that the top wall of the main unit casing 2 gradually descends
from the front to the back so that the discharged paper 3 can
be stacked on the paper discharge tray 68.

Conveyed from the fixing portion 23, the paper 3 is carried
along the feed pathway 67 by the feed roller 69 and the pinch
roller 70, and then is discharged on the paper discharge tray
68 by the paper discharge roller 71.

2. Drum Unit

FIG. 3 is a perspective view from the left rear top of the
drum unit 26. FIG. 3 shows the four developing cartridges 27
are located in the drum unit 26. FIG. 4 is a perspective view
from the left front top of the drum unit 26. FIG. 4 shows one
of the developing cartridges 27 in the middle of the installa-
tion or removal process, while the other developing cartridges
27 have been removed from the drum unit 26.

FIG. 5 is a left lateral view of the drum unit 26.

The drum unit 26 includes the four drum subunits 28, each
of' which corresponds to each color. The drum unit 26 further
includes a front beam 101 and rear beam 102. The four drum
subunits 28 are arranged in parallel between the front beam
101 and the rear beam 102 such that each drum subunit 28
extends in the same direction as the front beam 101 and the
rear beam 102. The front beam 101 and the rear beam 102
extend along the left and right direction. A pair of side plates
103 sandwich the front beam 101, the four drum subunits 28
and the rear beam 102 from both sides in the width direction
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(left and right direction). The pair of side plates 103 extend
along the front and back direction.

The drum unit 26 is formed with the front beam 101, the
rear beam 102, and the pair of side plates 103 assembled all
together. The drum unit 26 can be installed in and removed
from the drum housing space 7 in the main unit casing 2 (see
FIG. 1).

(1) Drum Subunit

As shown in FIG. 4, the drum subunit 28 includes a pair of
side frames 104 that are arranged to face each other with an
interval in the width direction, and a center frame 105 that is
provided between both side frames 104 along the width direc-
tion (see FIG. 2).

Each of the side frames 104 may be formed of resin mate-
rial in a flat plate shape.

A drum shaft 33 of the image carrier 29 is inserted through
each of the side frames 104.

A guiding groove 106 is formed on each of the side frames
104. The guiding groove 106 guides the developing cartridge
27 during installation and removal with respect to the drum
subunit 28. The guiding groove 106 is formed along approxi-
mately in the top and bottom direction from the rear top edge
of'the side frame 104 toward the front bottom edge of the side
frame 104. The bottom edge of the guiding groove 106 is
arranged so the developer carrier shaft 51 is at the position
where the developer carrier 39 contacts the image carrier 29
when the developing cartridge 27 is installed in the drum
subunit 28. The guiding groove 106 receives a collar member
205, which is attached at an end of the developer carrier shaft
205.

A boss 107 is formed on each of the side frames 104. The
boss 107 is formed in a cylinder shape that externally projects
in the width direction from the side frame 104. While the
developing cartridge 27 is installed in the drum subunit 28,
the boss 107 is arranged so that the boss 107 faces a window
206 of the developing cartridge 27 in the width direction.

A first insertion hole 109 is formed on the left side frame
104. The first insertion hole 109 faces a coupling gear 208 of
the developing cartridge 27 when the developing cartridge 27
is installed in the drum subunit 28. The first insertion hole 109
is formed as a round hole that penetrates the left side frame
104 in its thickness direction.

The center frame 105 is formed of resin material. Support-
ing rollers 110 are provided on both ends of the top edge of the
center frame 105 in the width direction. The support rollers
110 contact and support the developing cartridge 27 when the
developing cartridge 27 is installed in the drum subunit 28.
The supporting rollers 110 are rotatably supported by the
rotary shaft (not shown in the drawings) that extends in the
width direction along the top edge of the center frame 105.
(2) Front Beam

The front beam 101 is integrally formed of resin material.
The front beam 101 is arranged at the front of the four drum
subunits 28 that are arranged in parallel along the front and
back direction. The front beam 101 also is installed between
the pair of side plates 103.

The front beam 101 includes a front handle 111 that is
provided at the center in the width direction, and a supporting
shaft 112 that rotatably supports the front handle 111.

The front handle 111 is formed in an approximate U shape.
Atthe center of the front beam 101 in the width direction. The
front handle 101 is supported by the supporting shaft 102 so
that an unattached end of the front handle 101 is rotatable
about the supporting shaft 112. The front handle 101 can be
positioned in a stowed position in which the unattached end of
the front handle 111 stands along the front beam 101 (see
FIG. 3). The front handle 101 can also be positioned in the
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operating position in which the unattached end of the front
handle 111 inclines to the front side of the frontbeam 101 (see
FIG. 4).

The supporting shaft 112 is supported by the front beam
101 so that the supporting shaft 102 penetrates the front beam
101 in the width direction. In addition, both edges in the width
direction of the supporting shaft 112 externally project in the
width direction from the front beam 101. In addition the both
edges in the width direction of the supporting shaft 112 exter-
nally project in the width direction by penetrating the side
plates 103.

(3) Rear Beam

The rear beam 102 is integrally formed of resin material.
The rear beam 102 is arranged on the back side of the four
drum subunits 28 that are arranged in parallel along the front
and back direction. The rear beam 102 also is installed
between the pair of side plates 103.

As shown in FIG. 3, the rear beam 102 is formed in an
approximate U shape where the rear side is opened when
viewed from the top. At the center of the rear beam 102 in the
width direction, a rear handle 113 is integrally provided. The
rear handle 113 has an approximate U shape when viewed
from the back. An unattached end of the rear handle 103 is
connected to the rear beam 102. The unattached end of the
rear handle 103 inclines from the back bottom to the front top
so that the rear handle 113 projects diagonally upwards from
the rear beam 102.

(4) Side Plates

Each of the pair of side plates 103 may be formed of a
material with a higher rigidity than the resin material that
forms each of the drum subunits 28, front beam 101, and rear
beam 102. The material of the metal with the higher rigidity
may be, for example, metal or glass fiber reinforced resin,
and/or preferably, a steel plate.

Each of the pair of side plates 103 is formed in an approxi-
mately narrow rectangular shape that extends in the front and
back direction when viewed from the side. Each of the pair of
side plates 103 is formed so that the front edge of the each of
the pair of side plates 103 faces the front beam 101, and the
rear edge of each of the pair of side plates 103 faces the rear
beam 102. Each of the pair of side plates 103 is fixed to the
front beam 101, the four drum subunits 28, and the rear beam
102, respectively.

At the top edge of each of the side plates 103, a flange 114
is formed along the front and back direction. The flange 114
is externally bent in the width direction so that the cross-
section of each of the side plates 103 appears to be an L shape.
The flange 114 linearly extends in the front and back (e.g.,
horizontal) direction.

At rear edge of each of the side plates 103, an extended
portion 103 A is formed in an approximate L shape in which
the top edge of each of the side plates 103 extends beyond the
rear beam 102, when viewed from the side. A front roller
118A and a rear roller 118B are rotatably provided in the
extended portion 103A. The front roller 118 A and arearroller
118B are arranged in the front and back direction so that the
front roller 118A and a rear roller 118B sandwich a spacer
119 therebetween. The front roller 118A is arranged below
the flange 114, and the rear roller 118B is arranged behind the
rear edge of the flange 114.

In addition, a notch 120, which is an approximate U shape
cut on the rear edge when viewed from the side, is formed on
the rear edge of each side plate 103. When the drum unit 26 is
installed in the main unit casing 2, an alignment shaft (not
shown in the drawings) that is provided in the main unit
casing 2 fits on the notch 120 so that the drum unit 26 is
aligned relative to the main unit casing 2.



US 9,310,716 B2

13

Four light transmission holes 115 accept the bosses 107 of
each of the drum subunits 28. The four light transmission
holes 115 are formed on the top edge of each side plate 103
along the front and back direction at intervals. These light
transmission holes 115 are formed in a round shape so that the
transmission holes 115 penetrate each side plate 103 in the
thickness direction at a position that faces the bosses 107 of
each drum subunit 28. The boss 107 of each drum subunit 28
fits in each light transmission hole 115 so that each boss 107
is externally exposed in the width direction. Therefore, the
rotational movement of each drum subunit 28 about the drum
shaft 33 relative to each side plate 103 is restricted.

A shaft hole 116 is formed at the bottom edge of each side
plate 103. The edge of each drum shaft 33 in the axis direction
is inserted into the shaft hole 116.

Four second insertion holes 117 are formed on the left side
plate 103. Each of the second insertion holes 117 faces the
coupling gear 208 of the developing cartridge 27 in the width
direction when the developing cartridge 27 is installed in the
drum subunit 28. Each of four second insertion holes 117 is
formed at the center of the side plates 103 in the top and
bottom direction. The four second insertion holes 117 are
arranged along the front and back direction. Each of four
second insertion holes 117 is formed in a round shape. Each
of four second insertion holes 117 penetrates the left side
plate 103 in the thickness direction. The four second insertion
holes 117 are located at a position where each of four second
insertion holes 117 face each of the first insertion holes 109
corresponding to each drum subunit 28 in the width direction.
3. Developing Cartridge

FIGS. 6 and 7 are perspective views of the developing
cartridge 27 viewed from the rear left. FIGS. 8 and 9 are
perspective views of the developing cartridge 27 viewed from
the front left. FIG. 10 is a plan view of the developing car-
tridge 27. FIG. 11 is a right lateral view of the developing
cartridge 27. F1G. 12 is a cross-sectional view that is cut along
the cutting line A-A in FIG. 11. Furthermore, FIGS. 13 and 14
are right lateral cross-sectional views of the developing car-
tridge 27. In FIGS. 13 and 14, the supplying roller 38 and
developer carrier 39 are simplified.

(1) Developing Cartridge

The developing frame 36 of the developing cartridge 27
includes a pair of sidewalls 201 (facing each other in the width
direction), a top wall 202 (between the top edges of both
sidewalls 201), a front wall 203 (between the front edges of
both sidewalls 201), and a rear wall 204 (between the rear
edges of both sidewalls 201). An opening 41 exposing the
developer carrier 39 is formed at the bottom edges of both
sidewalls 201, front wall 203 and the rear wall 204.

The window 206 is formed in each sidewall 201. The
window 206 is used for detecting the amount of toner con-
tained in the toner container 43. These windows 206 are
arranged to face each other over the toner container 43. In
order to detect the amount of toner, the windows 206 let light
transmit through in the width direction.

A gear mechanism (covered by a gear cover 207) is pro-
vided on the left sidewall 201 as shown in FIGS. 6-9. The gear
mechanism includes the coupling gear 208 exposed from the
gear cover 207, and a gear train 230 that engages with the
coupling gear 208 inside the gear cover 207 (see FIG. 12).

A cylinder-shaped gear array 209 externally projects in the
width direction at the bottom edge of the gear cover 207. The
coupling gear 208 is arranged in the gear array 209. The
coupling gear 208 is exposed from the tip of the gear array
209.

A coupling shaft (not shown in the drawings) is provided in
the main unit casing 2. The coupling shaft is connected to the
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coupling gear 208 during the image formation so that the
coupling shaft can move forward and backward. The coupling
shaft transmits the driving force of the motor to the coupling
gear 208.

The gear train 230 includes an agitator driving gear (fixed
on the rotary shaft 47 of the agitator 37), a supplying roller
driving gear (fixed on the supplying roller shaft 49 of the
supplying roller 38), and a developer carrier driving gear
(fixed on the developer carrier shaft 51 of the developer car-
rier 39). The agitator driving gear, the supplying roller driving
gear and the developer carrier driving gear are directly or
indirectly coupled with the coupling gear 208. Thus, the
driving force applied to the coupling gear 208 is transmitted
to the agitator 37, the supplying roller 38, and the developer
carrier 39 via the gear train 230.

As shown in FIG. 11, on the right sidewall 201, a cap 210
that closes the toner filling opening (not shown in the draw-
ings) for filling the toner into the toner container 43 is pro-
vided above the window 206.

In addition, a bearing 211 is provided at the bottom edge of
the right sidewall 201. The bearing 211 rotatably supports the
right edge of the developer carrier shaft 51. As shown in FIG.
12, while the right edge of the developer carrier shaft 51 is
supported by the bearing 211 in a rotatable manner, the left
edge of the developer carrier shaft 51 is inserted into the left
sidewall 201 in a rotatable manner. Thus, the developer car-
rier shaft 51 is rotatably supported by the developing frame
36.

The left edge of the developer carrier shaft 51 externally
projects in the width direction from the gear cover 207. The
right edge of the developer carrier shaft 51 externally projects
in the width direction from the bearing 211. The collar mem-
ber 205 covers each of the projected portions of the developer
carrier shaft 51.

In addition, as shown in FIGS. 6-9, a releasing projection
212 is formed at the joint of the top edge of the rear wall 204
with the top edge of both sidewalls 201. The releasing pro-
jection 212 is formed in an approximate cylinder shape, and
externally projects in the width direction.

A handle 214 is provided on the top wall 202 of the devel-
oping cartridge 27. The handle 214 can be grasped when the
developing cartridge 27 is installed in or removed from the
drum subunit 28. The handle 214 is formed in a thin plate
shape that extends in the width direction. The handle 214 is
pivotally provided between a standing condition, an inclined
condition, and a pressed condition. In the standing condition,
the handle 214 stands approximately perpendicular to the top
wall 202 (see FIGS. 7 and 9). In the inclined condition, the
handle 214 is forwardly inclined from the standing condition
and is closer to the top wall 202 (see FIGS. 6, 8 and 13). In the
pressed condition, the handle 214 is closer to the top wall 202
than in the inclined condition (See FIG. 14).

More specifically, as shown in FIGS. 13 and 14, a handle
support 215 is integrally formed on both edges of the top wall
202 in the width direction at the rear edge of the top wall 202.
The handle support 215 projects upwardly from the top wall
202. The handle support 215 may be formed in a semicircular
shape when viewed from the side. A through hole 229 that
penetrates the handle support 215 in the width direction is
formed on the handle support 215. As shown in FIGS. 6 and
7, notches 231 are formed on the common edge in the width
direction at the rear edge of the handle 214. The handle
support 215 can fit into notches 231. An elastic deforming
portion 232 (in an approximate [. shape when viewed from
the top) is arranged on each of the notches 231. The anchored
edge of the elastic deforming portion 232 is connected to the
left side surface of each of the notches 231. The unattached
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end of the elastic deforming portion 232 faces the right side of
the notch 231 with an interval in the width direction. The
handle support 215 fits between the unattached end of the
elastic deforming portion 232 and the right side of the notch
231. A pair of supporting shafts 233 is provided so that one of
the supporting shafts 233 projects from the unattached end of
the elastic deforming portion 232 toward the right side of the
notch 231. The other one of the supporting shaft 233 projects
from the right side of the notch 231 toward the unattached end
of the elastic deforming portion 232. Therefore, the handle
214 is attached to the handle support 215. The handle support
215 fits into each of the notches 231 in a way that a space
between the pair of the supporting shafts 233 is first widened
by deforming the elastic deforming portion 232. The defor-
mation of the elastic deforming portion 232 is released to
place each supporting shaft 233 into the through hole 229 of
the handle support 215.

In addition, as shown in FIGS. 9-12, a spring guiding
member 216 is formed on the front edge of the top wall 202 at
both edges in the width direction, which is axis direction of
the developer carrier 39, with an interval that is approxi-
mately the same as the length in the width direction of the
rubber roller 52 of the developer carrier 39. Each of the spring
guiding members 216 face each of the handle supports 215
with a gap in the front and back direction. Each of the spring
guiding members 216 opposes each edge of the rubber roller
52 in the width direction. Furthermore, as shown in FIGS. 13
and 14, a contacting member 217 and a coil spring 218 are
provided inside each of the spring guiding members 216. The
contacting member 217 is positioned above the coil spring
218 so that the contacting member 217 can move upwardly
and downwardly in accordance with a pressing force of the
coil spring 218.

The contacting member 217 includes a main body 219
(having a convex curved top in an approximately circular
shape when viewed from above), a boss 220 (projecting
downwardly from the center of the bottom of the main body
219), and a cylindrical extension 221 (extending towards the
inner circumference of the spring guiding member 216 from
the periphery of the bottom surface of the main body 219).
The main body 219, the boss 220, and the cylindrical exten-
sion 221 may be integrally molded. A plurality of latching
tabs 222 are formed on the cylindrical extension 221. Each of
the latching tabs 222 is fit in a groove 223 formed on the
spring guiding member 216. A tip of the each latching tab 222
latches the top edge of the groove 223 so that the contacting
member 217 does not come off the spring guiding member
216.

The coil spring 218 is provided in a compressed manner
between the contacting member 217 and the top wall 202. A
spring attaching boss 224 is formed on the top wall 202. The
spring attaching boss 224 is surrounded by the spring guiding
member 216. The spring attaching boss 224 is inserted into
the bottom edge of the coil spring 218. The boss 220 of the
contacting member 217 also is inserted at the top edge of the
coil spring 218. Of course, the top of contacting member 217
may have any shape as desired to contact various surfaces.
Further, the extension 221 and spring attaching boss 224 may
have any desired shape as well and are not limited to cylin-
ders.

As shown in FIG. 9, a concave portion 225 is formed on the
bottom surface of the handle 214, which faces the top wall
202. The concave portion 225 faces each of the contacting
members 217 so that the concave portion 225 can accept the
corresponding contacting member 217 when the handle 214
is in the inclined condition and the pressed condition. When
the handle 214 is in the inclined condition, each of the contact
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members 217 is received in each of the concave portions 225
such that the tip of each contacting member 217 contacts the
floor of each concave portion 225, which is the bottom of the
handle 214.

As shown in FIG. 10, a through hole 226 is formed at the
center in the width direction on the handle 214 in an approxi-
mate rectangular shape when viewed from the top. A length of
the through hole in the width direction is longer than a length
in the front and back direction. Thus, the handle 214 can be
easily grasped by inserting fingers in the through hole 226.

In addition, a pressing projection 227 is formed in each
edge on the front edge of the handle 214 in the width direc-
tion. The pressing projection 227 is formed in an approximate
column shape when viewed from the side. The pressing pro-
jection 227 externally projects in the width direction from the
handle 214. As shown in FIG. 10, each pressing projection
227 is formed in a length so that the edge of the each pressing
projection 217 is positioned on a plane S that includes the
edge of the releasing projection 212 that projects on the same
side. In other words, the tip of each pressing projection 227 is
positioned in the same plane as the tip of the releasing pro-
jection 212. Furthermore, as shown in FIG. 11, the edge of
each pressing projection 227 is positioned in a lower position
than the edge of the releasing projection 212 when the devel-
oping cartridge 27 is installed in the drum subunit 28 and the
handle 214 is positioned in the inclined condition.

As shown in FIGS. 8 and 9, a supported projection 228 is
formed in each edge of the front wall 203 in the width direc-
tion. The supported projection 228 is in an approximate trap-
ezoid shape when viewed from the side. The supported pro-
jection 228 forwardly projects from the front wall 203.

The pressing projections 227 are used to allow a pressing
force to press developer carrier 39 against image carrier 29.
The description of the pressing projections 227 being on an
opposite side, opposite end, or opposite edge from the devel-
oper carrier (or developer carrier support) is intended to be
expansive in definition. Specifically, the opposite edge (or
end or side) can be across the width or the length or any line
passing through the developing cartridge 27. Further, the
description that any projection (including pressing projec-
tions 227) is “near” an edge, side, or end is intended to be
relativistic to the location of another element (for instance,
the developer carrier 39 or developer carrier support). For
example, a pressing projection 227 near an end opposite a
developer carrier 39 means that the pressing projection 227 is
closer to the end than the developer carrier 39. Something
being “near” means it is closer than another element.

(2) Installation and Removal of the Developing Cartridge
with Respect to the Drum Unit

First, auser can grasp the handle 214 by inserting fingers in
the through hole 226 of the handle 214 as shown in FIG. 4.
Then the developing cartridges 27 can be installed in the
corresponding drum subunit 28 from the top of the drum unit
26.

More specifically, first, the collar members 205 of the
developing cartridge 27 are inserted in the guiding groove 106
of'each side frame 104 of the corresponding drum subunit 28.
Then the developing cartridge 27 is pushed downwardly
toward the drum subunit 28 along the guiding groove 106.
When the developer carrier 39 contacts the image carrier 29,
the developing cartridge 27 is not allowed to be pushed fur-
ther. Then, due to the weight of the developing cartridge 27,
the top edge of the developing cartridge 27 inclines about the
roller shaft 51 in the direction toward the front center frame
105. Then the supported projection 228 comes into contact
with the supporting roller 110. Thus, the developing cartridge
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27 is aligned with respect to the drum subunit 28, and the
installation of the developing cartridge 27 to the drum subunit
28 is completed.

After the developing cartridge 27 is installed as described
above, when a hand is released from the handle 214, which
may be in a standing position, the handle 214 pivots about the
supporting shaft 233 from the standing condition to the
inclined condition by the handle 214°s own weight.

When each of the developing cartridges 27 is installed in
each of the drum subunits 28 respectively, as shown in FIG. 3,
the front handle 111 of the front beam 101, the handle 214 of
each of the developing cartridges 27 and the rear handle 113
of'the rear beam 102 are arranged in substantially overlapped
along the front and back direction.

Under the condition that the developing cartridge 27 is
installed in the drum subunit 28, the handle 214 can be
grasped so that the handle 214 is pulled up from the inclined
condition to the standing condition. Then the developing
cartridge 27 can be removed from the drum unit 26 by further
pulling upwardly.

4. Rail and Releasing/Pressing Mechanism

FIG. 15 is a perspective view of the main unit casing 2 and
the drum unit 26 viewed from the right front top. FIG. 15
shows the condition in which the exterior panel and the front
cover 9 of the main unit casing 2 are removed and the drum
unit 26 is installed in the main unit casing 2.

The main unit casing 2 includes a pair of body frames 301
that are arranged to face each other in the width direction over
the drum unit 26. On an internal surface of each of the body
frames 301, there are a left rail 302 and a right rail 302,
respectively. Each of these rails 302 guides the drum unit 26
when the drum unit 26 is installed in or removed from the
main unit casing 2. A releasing/pressing mechanism 303 is
also on the internal surface of each of the body frames 301.
The releasing/pressing mechanism 303 releases or presses the
developer carrier 39 of the developing cartridge 27 with
respect to the image carrier 29 when the developing cartridge
27 is installed in the drum subunit 28.

In FIG. 15, only the left side detaching/pressing mecha-
nism 303 is shown.

FIG. 16 is a perspective view of the drum unit 26, left and
right rails 302, and the releasing/pressing mechanism 303
viewed from the right front top. In addition, FIG. 17 is a
perspective view of the left and right rails 302 and the releas-
ing/pressing mechanism 303 viewed from the right front top.
(1) Rails

The left rail 302 and the right rail 302 are arranged to face
each other in the width direction over the drum unit 26. Each
of the rails 302 includes a rail fixing portion 304 that are
arranged to face each other on the front edge surface of the
body frame 301, a rail body 305 that extends along the front
and back (horizontal) direction in the body frame 301, and a
joint 306 that connects the rail fixing portion 304 and the rail
body 305 together.

The rail fixing portion 304 is fixed on the front edge surface
of the body frame 301 with a screw 307.

The rail body 305 is formed in an approximate L shape in
a cross-sectional view by bending a bottom edge of the rail
body 305 inwardly in the width direction. When the drum unit
26 is installed in the main unit casing 2, the flange 114 of each
side plate 103 of the drum unit 26 is located on the bended and
extended portion in the width direction.

The joint 306 is formed so that the inward edge of the rail
fixing portion 304 in the width direction and the front edge of
the rail body 305 are connected. A roller supporting shaft 308
is supported by the joint 306. A rail roller 309 is rotatably
supported by the roller supporting shaft 308 on the internal
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surface of the joint 306 in the width direction. The far top edge
of'the circumference of the rail roller 309 is positioned above
the bottom edge, which is horizontally extended portion, of
the rail body 305.

(2) Installation of Drum Unit to the Main Unit Casing

To install the drum unit 26 to the main unit casing 2, first a
user may grasp the front handle 111 and the rear handle 113
of'the drum unit 26 (see FIG. 3) with both hands and may lift
the drum unit 26. Then as shown in FIG. 1, the user may open
the front cover 9 to reveal the opening 8 and may insert the
drum unit 26 from the opening 8 towards the drum housing
space 7.

At this time, the user may roll each of the roller members
118 on the rail body 305. In addition, the user may release a
hand from the rear handle 113, and may position each flange
part 114 of the drum unit 26 on the left and right rail rollers
309, respectively. Under this condition, the user may push the
drum unit 26 to the back so that each of the roller members
118 rolls on the rail body 305, and the flange 114 slides on
each of the rail rollers 309. Therefore, the drum unit 26 moves
smoothly along the rail rollers 309. In addition, the releasing
projection 212 and pressing projection 227 of each develop-
ing cartridge 27 slides on a cam containing portion 323 of a
holder fixing portion 322, which is described below.

When each of the roller members 118 falls off to the back
of each rail roller 309, the flange 114 falls off to the back of
each rail roller 309. Each flange 114 is loaded on the portion
where the rail body 305 is horizontally extended, the pressing
projection 227 and the releasing projection 212 of each devel-
oping cartridge 27 are received by a pressing projection
receiving portion 325 and a releasing projection receiving
portion 326 respectively. Thus, the installation of the drum
unit 26 to the main unit casing 2 is completed.

After that, the user may release the hand from the front
handle 111, may close the front cover 9, and may conceal the
opening 8 by closing the front cover 9. When the front cover
9 is closed, the front handle 111 rotates about the supporting
shaft 112 from the standing condition shown in FIG. 4 to the
stowed position shown in FIG. 3.

(3) Releasing/Pressing Mechanism

As shown in FIG. 17, the releasing/pressing mechanism
303 includes a translation cam 310, intermediate members
311 (provided for each of the translation cams 310), cam
holders 312 (to retain each translation cam 310 so that each
translation cam 310 can linearly move in the front and back
direction), and a synchronizing moving mechanism 313 (to
linearly move a pair of translation cams 310 in a synchronized
manner).

FIG. 18 is a perspective view of the translation cam 310, the
intermediate member 311, and the synchronizing moving
mechanism 313 when viewed from the right front top. In other
words, FIG. 18 is a perspective view of releasing/pressing
mechanism 303 viewed from the right front top while the
illustration of cam holders 312 is omitted. FIGS. 19A-19E are
perspective views that explain the movement of the transla-
tion cam 310 and the intermediate member 311. In addition,
FIG. 20 is a right lateral view of the translation cam 310 and
the intermediate member 311 under the condition in FIG.
19A. FIG. 21 is aright lateral view ofthe translation cam 310
and the intermediate member 311 under the condition in FIG.
19C. FIG. 22 is a right lateral view of the translation cam 310
and intermediate member 311 under the condition in FIG.
19E.

The translation cam 310 includes a cam body plate 314 in
a thin plate shape, and four operation members 315 that are
provided on the internal surface of the cam body plate 314 in
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the width direction. The cam body plate 314 extends in the
front and back direction along the internal surface of the body
frame 301 shown in FIG. 15.

Four rectangular holes 316 are formed on the cam body
plate 314 in the front and back direction at a constant interval
each other. Each of is in rectangular so that the shape of the
rectangular hole 316 in the front and back direction is longer.

Each of the four operation members 315 is arranged in
front of each of the four rectangular holes 316 respectively.
Each of the operation members 315 includes a pressing action
portion 317, arelease action portion 318, and a joint 319. The
pressing action portion 317 is formed in a crank shape when
viewed from the side, and extends along the top edge of the
cam body plate 314. The pressing action portion 317 is con-
figured to press the pressing projection 227 of the developing
cartridge 27 downwardly. The release action portion 318
extends along the bottom edge of the cam body plate 314 and
rotates the intermediate member 311 as described below. The
joint 319 integrally connects the rear edge of the pressing
action portion 317 with the front edge of the release action
portion 318.

A projection 320 that projects upwardly is formed on the
rear edge of the release action portion 318, as shown in FIGS.
20 to 22.

In addition, the forefront operation member 315 has a
different shape compared to the other three operation mem-
bers 315 (hereinafter referred to as the three back operation
members 315). In other words, the pressing action portion
317 ofthe forefront operation member 315 has a longer length
in the front and back direction compared to the pressing
action portion 317 of the three back operation members 315.
In addition, the release action portion 318 of the forefront
operation member 315 has a shorter length in the front and
back direction compared to the releasing action portion 318
of'the three back operation members 315. Such a difference in
the shape and size, as described in detail below, allows (1) the
pressing of the developer carrier 39 of all the four developing
cartridges 27 against the image carrier 29, (2) the pressing of
the developer carrier 39 of only the black developing car-
tridge 27K against the image carrier 29 and (3) the releasing
of'the developer carrier 39 of all the developing cartridges 27
from the image carrier 29.

Each of four intermediate members 311 is arranged behind
each of the four operation members 315. Each of four inter-
mediate members 311 also faces each of the four rectangular
holes 316 in the width direction. As shown in FIGS. 20 to 22,
each of the intermediate members 311 is formed in an
approximate L. shape when viewed from the side. Each of the
intermediate members 311 is formed in a block shape includ-
ing a thickness in the width direction. An intermediate mem-
ber supporting shaft 321 penetrates one edge of each inter-
mediate member 311 in the width direction so that the
intermediate member 311 is rotatably supported by the inter-
mediate member supporting shaft 321. The bottom edge of
each intermediate member 311 faces the projection 320 of the
release action portion 318 in the front and back direction at an
interval under a condition in which each intermediate mem-
ber 311 does not contact the release action portion 318 (see
FIG. 20).

As shown in FIG. 18, the intermediate member supporting
shafts 321 are arranged at a constant interval each other in the
front and back direction. The interval is substantially equal to
the interval between each of the releasing projections 212
under the condition in which the four developing cartridges
27 are installed in the drum unit 26. Each of the intermediate
members 311 is supported by each of the intermediate mem-
ber supporting shafts 321. Each of the intermediate members
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311 is inserted into the corresponding rectangular hole 316.
Each of the intermediate members 311 is externally extended
in the width direction of the cam body plate 314. An internal
edge of each of the intermediate members 311 in the width
direction is supported by the cam holder 312 so that each of
the intermediate members 311 does not rotate.

As shown in FIG. 17, the cam holder 312 includes a holder
fixing portion 322 in a thin plate shape that extends in the front
and back direction along the internal surface of the body
frame 301, and a cam container 323 that extends from the
bottom edge of the holder fixing portion 322.

The holder fixing portion 322 is fixed on the internal sur-
face of the body frame 301 by a screw 324.

The cam container 323 is formed with an approximate
squared-U-shape from a cross-section view. The cam con-
tainer 323 extends from the bottom edge of the holder fixing
portion 322 inwardly in the width direction for the entire
length of the holder fixing portion 322, bends downward, and
then externally bends in the width direction. On the cam
container 323, four pressing projection receiving portions
325 and four releasing projection receiving portions 326 are
formed alternately by continuously cutting the internal sur-
face from the top of the cam container 323 in the width
direction. Each of the four pressing projection receiving por-
tions 325 can accept the pressing projection 227 of the devel-
oping cartridge 27. Each of the four releasing projection
receiving portions 326 can accept the releasing projection 212
of the developing cartridge 27. In other words, four pressing
projection receiving portions 326 are positioned in the cam
container 323 at the same interval as the interval between each
of the pressing projections 227 when each of the developing
cartridges 27 is installed in the drum unit 26. Further, four
releasing projection receiving portions 326 are positioned at
the same intervals as the interval between each of the releas-
ing projections 212 in the pressed condition when each of the
developing cartridges 27 is installed in the drum unit 26. Each
of'the releasing projection receiving portions 326 is arranged
behind each of the pressing projection receiving portions 325.

When each of the releasing projections 212 is accepted by
each of the releasing projection receiving portions 326, each
of'the releasing projections 212 downwardly faces each ofthe
intermediate members 311.

The synchronizing moving mechanism 313 has a structure
such that the linear motion of the left translation cam 310 is
transmitted to the right translation cam 310.

In other words, as shown in FIG. 18, the synchronizing
moving mechanism 313 includes a left rack gear 327 formed
on the top surface at the rear edge of the left translation cam
310, a left pinion gear 328 that engages with the left rack gear
327, aright rack gear 329 formed on the top surface at the rear
edge of the right translation cam 310, a right pinion gear 330
that engages with the right rack gear 329, and a connecting
shaft 331 where the left pinion gear 328 and right pinion gear
330 are attached so that the left pinion gear 328 and right
pinion gear 330 cannot rotate.

In addition, at the external lateral surface of the left trans-
lation cam 310 of the cam body plate 314, an input rack gear
332 is provided in the width direction. The input rack gear 332
is configured to receive the driving force from a motor.

(4) Releasing/Pressing Action

The action of the releasing/pressing mechanism 303 is
described by referring to FIGS. 19 to 22.

As shown in FIGS. 19A and 20, when the translation cam
310 is moved to the forefront position, the release action
portion 318 of each of the operation members 315 and the
intermediate member 311 are facing each other at an interval
in the front and back direction without contacting each other.
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Between the release action portion 318 of the forefront opera-
tion member 315 and intermediate member 311, there is an
interval larger than the interval between the release action
portion 318 of the three back operation members 315 and the
intermediate member 311.

In this state, each of the developing cartridges 27 is posi-
tioned so that the developer carrier 39 and image carrier 29
come in contact.

The pressing action portion 317 of each of the operation
members 315 contacts the pressing projection 227 of each of
the developing cartridges 27, and presses each of the pressing
projections 227 downwardly. When each of the pressing pro-
jections 227 is downwardly pressed, in each developing car-
tridge 27, as shown in FIG. 14, the handle 214 is pressed
against the contacting member 217 by rotating about the
supporting shaft 233. Because the contacting member 217 is
pressed down by the concave portion 225 of the handle 214,
the coil spring 218 is compressed. The pressure due to com-
pression of the coil spring 218 is applied to the top wall 202 of
the developing frame 36 so that the developing frame 36 is
pressed downwardly. Therefore, the developer carrier 39 is
pressed against the image carrier 29. The compression of the
coil spring 218 generates a pressure of 1N or greater and 20N
or less.

Under this condition, when the driving force of the motor is
applied to the input rack gear 332, the left translation cam 310
moves rearward, and then the left pinion gear 328 rotates
upon the movement of the left translation cam 310. The
rotation of the left pinion gear 328 is transmitted to the right
pinion gear 330 via the connecting shaft 331 so that the right
pinion gear 330 rotates in the same direction as the left pinion
gear 328. The right translation cam 310 moves rearward upon
the rotation of the right pinion gear 330.

When the translation cam 310 moves rearward, the engage-
ment between the pressing action portion 317 of the three
back operation members 315 and the pressing projection 227
is released, and then the pressure by the pressing projection
227 is released. In addition, as shown in FIG. 19B, the release
action portion 318 of the three back operation members 315
contacts the bottom edge of the intermediate member 311 that
is arranged on the rear side of the release action portion 318,
and then the release action portion 318 presses the bottom
edge of the intermediate member 311 towards the rear side of
the intermediate member 311. Therefore, each intermediate
member 311 rotates about the intermediate member support-
ing shaft 321 so that the intermediate member 311 is lifted up.
In the middle of the rotation of each intermediate member
311, each intermediate member 311 contacts the bottom of
the releasing projections 212. In response, an upward force is
applied to the releasing projection 212 by each of the inter-
mediate members 311. Thus, the yellow developing cartridge
27Y, magenta developing cartridge 27M, and cyan develop-
ing cartridge 27C are lifted up while each developer carrier 39
still contacts each image carrier 29, respectively.

As shown in FIGS. 19C and 21, when the translation cam
310 moves further rearward, the edge, where the intermediate
supporting shaft 321 is inserted, of the intermediate member
311 contacts the top of the release action portion 318 of the
three back operation members 315. Next, the yellow devel-
oping cartridge 27Y, magenta developing cartridge 27M, and
cyan developing cartridge 27C are further lifted up and posi-
tioned. Accordingly, each developer carrier 39 of the yellow
developing cartridge 27Y, magenta developing cartridge 27M
and cyan developing cartridge 27C is separated from each
image carrier 29.

Atthis time, the pressing projection 227 of the black devel-
oping cartridge 27K is still pressed by the pressing action
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portion 317 of the operation member 315. Therefore, only the
developer carrier 39 of the black developing cartridge 27K is
pressed against the image carrier 29.

When the translation cam 310 moves further rearward, the
engagement between the pressing action portion 317 of the
forefront operation member 315 and the pressing projection
227 of the black developing cartridge 27K is also released.
Next, the pressing of the pressing projection 227 by the press-
ing action portion 317 is released. In addition, as shown in
FIG. 19D, the release action portion 318 of the forefront
operation members 315 contacts the bottom edge of the inter-
mediate member 311. In response, the release action portion
318 presses the bottom edge of the intermediate member 311
towards the rear. Therefore, each intermediate member 311
rotates about the intermediate member supporting shatt 321
and is lifted. In the middle of the rotation of the intermediate
members 311, the intermediate member 311 contacts the
releasing projections 212 of the black developing cartridge
27K that are located above the intermediate member 311.
When an upward force is applied to the releasing projection
212 as the intermediate members 311 is lifted up, the black
developing cartridge 27K is lifted upward while the developer
carrier 39 of the black developing cartridge 27K still contacts
the image carrier 29.

As shown in FIGS. 19E and 22, when the translation cam
310 moves further rearward, the edge, where the intermediate
supporting shaft 321 is inserted, of the intermediate member
311 contacts the top of the release action portion 318 of the
forefront operation members 315. Next, the black developing
cartridge 27K is further lifted up and moves where the devel-
oper carrier 39 of the black developing cartridge 27K is sepa-
rated from the image carrier 29. Thus, the entire developer
carrier 39 of the developing cartridge 27 is released from the
image carrier 29.

In accordance with the above described mechanism, when
the color laser printer 1 prints an image in black and white,
only developer carrier 39 of the black developing cartridge 39
can contact the corresponding image carrier 29, while each
developer carrier 39 for other three colors remains separated
from the corresponding image carrier 29.

The condition shown in FIG. 19E can be brought back to
each of the conditions shown in FIGS. 19A to 19D by moving
the translation cam member 310 frontward. By moving the
translation cam member 310 frontward, the projection 320 of
each of the release action portions 318 engages the interme-
diate member 311. Thus, the intermediate member 311
rotates downwardly in the direction to be released from the
releasing projection 212.

5. Operational Effects

By way of the above configuration, when the developer
carrier 39 is separated from the image carrier 29, the release
action portion 318 is latched with the releasing projections
212. When the developer carrier 39 is pressed against the
image carrier 29, the pressing action portion 317 is latched to
the pressing projection 227. Due to the pressing projection
227 and the releasing projection 212 being separate, the force
required for separation of the developer carrier 39 can be
applied independently of the force required for pressing the
developer carrier 39 against the image carrier 29. Therefore,
the structure of the pressing projection 227 and releasing
projection 212 may be simplified because reinforcement is
not necessary. In addition, each of the separation and the
pressing of the developer carrier 39 relative to the image
carrier 29 can be reliably achieved.

Because the handle 214 is provided in the developing car-
tridge 27, the developing cartridge 27 can be easily carried by
grasping the handle 214. Therefore, the developing cartridge



US 9,310,716 B2

23

27 can be easily operated. In addition, because the pressing
projection 227 is provided on the handle 214, the pressing
projection 227 may avoid interfering with the arrangement of
the other members. Moreover, the pressing projections 227
formed onthe handle 214 may receive a relatively small force.
The releasing projection 212 formed on the developing frame
36 may receive a relatively large force. Therefore, it may be
possible that separating and pressing the developing rollers
39 relative to the image carrier 29 is more reliably achieved.

In addition, because the coil spring 218 is provided on the
developing cartridge 27, the color laser printer 1 can be pro-
vided with a new coil spring 218 every time a developing
cartridge 27 is replaced. As aresult, the force of the coil spring
218 can be maintained at constant level. Also, a favorable
pressing condition can be maintained when the developer
carrier 39 is pressed against the image carrier 29.

Moreover, because the coil spring 218 is provided at two
locations spaced in the axial direction of the developing roll-
ers 39, it may be possible to minimize and/or prevent uneven
contact of the developer carrier 39 with the image carrier 29.
As a result, the developer carrier 39 can be pressed with even
balance against the image carrier 29 along the axial direction
of the image carrier 29. As a result, toner can be evenly
supplied from the developer carrier 39 to the image carrier 29.

Moreover, based upon the color of the toner, the strength of
the coil spring 218 may be determined so that the developer
carrier 39 can be pressed more favorably against the image
carriers 29. As a result, colored toner can be better supplied to
each of the image carriers 29.

In addition, the developer carrier 39 is disposed on the
bottom of the developing cartridge 27. The developer carrier
39 also presses the image carrier 29 downwardly, so that the
weight of the developing cartridge 27 presses the developing
rollers 39 against the image carrier 29.

Moreover, because the pressing projection 227 is posi-
tioned closer to the supported projection 228 than the releas-
ing projection 212 is to the supported projection 228, the
force applied from the pressing action portion 317 to the
pressing projection 227 can be utilized in order to press the
supported projection 228 against the support roller 110. As a
result, reliable support of the developing cartridges 27 on the
support rollers 110 can be achieved.

Further, because the pressing projection 227 and the releas-
ing projection 212 are positioned in different positions in the
vertical direction when the drum unit 26 of the developing
cartridge 27 is installed in the main unit casing 2, the pressing
action portion 317 and the release action portion 318 can be
reliably engaged with the pressing projection 227 and the
releasing projection 212, respectively, even though the press-
ing projection 227 and the releasing projection 212 are dis-
posed close to each other in the horizontal direction. For this
reason, the length of the developing cartridge 27 in the hori-
zontal direction can be reduced in an installed position in
which the developing cartridge 27 is installed in the drum unit
26, thereby allowing the size of the developing cartridges 27
to be decreased.

Moreover, because the lengths of the pressing projections
227 and the releasing projections 212 in the width direction
are approximately equivalent, it is possible to place the press-
ing action portion 317 and the release action portion 318 in
the same locations with respect to the width direction. Also, it
is possible for the pressing action portion 317 and the release
action portion 318 to engage the pressing projection 227 and
releasing projection 212, respectively. As a result, the size of
the color laser printer 1 can be reduced.
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Thus, because the developing cartridge 27 described above
is provided in the color laser printer 1, separating and pressing
the developer carrier 39 to the image carrier 29 can be reliably
achieved.

In addition, because the drum unit 26 can be installed in
and removed from the main unit casing 2, maintenance of the
laser printer 1 (e.g., clearing paper jams and part replace-
ments) can be simplified.

Moreover, because the developing cartridge 27 can be indi-
vidually replaced, maintenance costs can be reduced.

The arrangement of each of the pressing projection 227 and
the releasing projection 212 can also be changed in accor-
dance with the type or color of the toner contained in the toner
container 43 for each of the developing cartridge 27. There-
fore, it may be possible to minimize and/or prevent each of the
developing cartridges 27 from erroneously being installed in
an incorrect position.

6. Additional Illustrative Embodiments of the Developing
Cartridge

FIG. 23 and FIG. 24 are perspective views of other illus-
trative embodiments of the developing cartridge 27 as viewed
from the left and front. FIG. 25 and FIG. 26 are right side
views of the developing cartridge 27. FIG. 27 is a plan view of
the developing cartridge 27. FIG. 28 is a plan view of the
handle 214 shown in FIG. 27. In FIG. 23 to FIG. 28, the same
reference numbers are used for common element described
above. In addition, a detailed description of each element that
is assigned the same reference number is omitted.

As shown in FIGS. 23 to 28, the developing cartridge 27
includes the releasing projection 212 that can be provided on
the handle 214 instead of on the back wall 204.

As shown in FIG. 27 and FIG. 28, the releasing projection
212 extends outwardly from both ends of the handle 214 atthe
back ends in the width direction. In addition, as shown in FIG.
28, the releasing projections 212 are positioned on the axial
line of the support shaft 233, which is provided on the right
side surface of the notch 231 and the unattached ends of the
elastic deformation parts 232, respectively. In other words,
each of the releasing projections 212 is positioned on the
rotational axis of the handle 214. As shown in FIG. 23 to FIG.
26, even when the handle 214 pivots about the support shaft
233, the position of each of the releasing projections 212 does
not change. Consequently, even if the handle 214 pivots
between the inclined condition and the pressed condition, the
positions of the releasing projections 212 that are received in
each of the releasing projection receiving parts 326 (refer to
FIG. 17) do not change.

As shown in FIGS. 20 to 22, the release action portion 318
can engage the releasing projection 212 and the intermediate
member 311 so that the intermediate member 311 lifts the
releasing projection 212 upwards, thereby allowing the devel-
oper carrier 39 to be separated from the image carriers 29.
Thus, the same or similar effects and/or advantages as the
illustrative embodiment presented in FIG. 6 to FIG. 14 can be
achieved.

Although the subject matter has been described in lan-
guage specific to structural features and/or methodological
acts, it is to be understood that the subject matter defined in
the appended claims is not necessarily limited to the specific
features or acts described above. Rather, the specific features
and acts described above are disclosed as example forms of
implementing the claims. Numerous other embodiments,
modifications, and variations within the scope and spirit of
the appended claims will occur to persons of ordinary skill in
the art from a review of this disclosure.
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What is claimed is:

1. A developing cartridge comprising:

a housing configured to accommodate developer therein;

a developing roller extending in an extending direction;

ahousing projection projecting in the extending direction,

the housing projection provided an end portion of the
housing in the extending direction;

aplate provided at an outer surface of the housing, the plate

configured to pivot with respect to an outer surface of the
housing about an axis extending in the extending direc-
tion; and

aplate projection projecting in the extending direction, the

plate projection provided an end portion of the plate in
the extending direction.

2. The developing cartridge according to claim 1, further
comprising:

an elastic member disposed between the plate and an outer

surface of the housing.

3. The developing cartridge according to claim 2,

wherein the plate projection is configured to contact a first

portion of an image forming apparatus,

wherein the plate is configured to pivot with respect to an

outer surface of the housing against elastic force of the
elastic member, in a case where the plate projection
contacts the first portion, and

wherein the elastic member presses the housing, in a case

where the plate pivots with respect to an outer surface of
the housing against the elastic force.
4. The developing cartridge according to claim 1,
wherein the housing projection is configured to contact a
second portion of an image forming apparatus, and

wherein the developing cartridge is configured to be
released from the image forming apparatus, in a case
where the housing projection contacts the second por-
tion.

5. The developing cartridge according to claim 2, wherein
the elastic member is disposed on an outer surface of the
housing.

6. The developing cartridge according to claim 2, wherein
the elastic member is a spring.

7. The developing cartridge according to claim 1, wherein
the housing projection includes:

afirst housing projection projecting in the extending direc-

tion, the first housing projection provided at one end
portion of the housing in the extending direction, and

a second housing projection projecting in the extending

direction, the second housing projection provided at
another end portion of the housing in the extending
direction.
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8. The developing cartridge according to claim 1, wherein

the housing projection includes:

afirst plate projection projecting in the extending direction,
the first plate projection provided at one end portion of
the plate in the extending direction, and

a second plate projection projecting in the extending direc-
tion, the second plate projection provided at another end
portion of the plate in the extending direction.

9. The developing cartridge according to claim 1, wherein

the plate is a handle.

10. The developing cartridge according to claim 1, wherein

the plate projection projects from the plate.

11. The developing cartridge according to claim 1, wherein

the housing projection includes:

a first housing projection projecting in the extending direc-
tion, the first housing projection provided at one end
portion of the housing in the extending direction,

a second housing projection projecting in the extending
direction, the second housing projection provided at
another end portion of the housing in the extending
direction,

afirst plate projection projecting in the extending direction,
the first plate projection provided at one end portion of
the plate in the extending direction, and

a second plate projection projecting in the extending direc-
tion, the second plate projection provided at another end
portion of the plate in the extending direction.

12. The developing cartridge according to claim 11,

wherein the first and second housing projections project
from the housing, and

wherein the first and second plate projections project from
the plate.

13. The developing cartridge according to claim 11,

wherein the plate is a handle.

14. The developing cartridge according to claim 11, further

comprising:

an elastic member disposed between the plate and an outer
surface of the housing, wherein the elastic member is
disposed on an outer surface of the housing.

15. The developing cartridge according to claim 11, further

comprising:

an elastic member disposed between the plate and an outer
surface of the housing,

wherein the elastic member is a spring.

16. The developing cartridge according to claim 11, further

comprising:

an elastic member disposed between the plate and an outer
surface of the housing.
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